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PREFACE

This report documents the first Federal Aviation Adm nistration
controller evaluation of a group of four termnal air traffic
control services and functions which have been desi gned for

i npl enmentation on the Data Link air-ground comruni cati on system
The research was conducted at the Federal Aviation Adm nistration
(FAA) Technical Center by the Airborne Collision Avoi dance and
Dat a Li nk Systens Branch, ACD- 320.
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EXECUTI VE SUMVARY

| NTRCDUCTI ON.

The Federal Aviation Admnistration (FAA) is pursuing an
initiative to develop and inplenent a Data Link system intended
to enhance conmunications between ground-based air traffic
control (ATC) and aircraft operating within the National Airspace
System (NAS). By providing digital information transfer along
with the ability to discretely address individual receivers, Data
Link is expected to relieve frequency congestion on existing
voi ce radi o channels while increasing the safety and productivity
of ATC operations.

In order to insure that the introduction of Data Link will have
an optimally positive inpact on ATC, the FAA Technical Center is
conducting a program of research and devel opnent to guide the
design of effective ATC services, evaluate their inpact on system
performance, and pronote the integration of Data Link with the
air traffic controllers who will wuse it. Prior efforts under
this program have focused on +the design and operationa

evaluation of an initial group of ATC services for the en route
ATC environnent (Talotta, et al., 1988, 1989, 1990). This report
presents the findings of the first FAA Technical Cent er
i nvestigation of term nal ATC services devel oped for transm ssion
usi ng Data Link technol ogy.

The followi ng ATC services and functions services were defined
and conceptual ly designed by the term nal controller subgroup of
the Air Traffic Data Link Validation Team (ATDLVT): Transfer of
Comruni cation, Initial Contact, Termnal Information, and Menu

Text . For the present study, these initial capabilities were
inplenmented in the Data Link Test Bed using the currently
oper at i onal Aut omat ed  Radar Ter m nal System (ARTS) F1TA
equi pnent .

OBJECTI VES.

The overall goal of this research was to establish a
devel opnental baseline for termnal services in the Data Link
Test Bed which wll support design evolution, operationa

eval uation, and eventual field inplenentation. Specifically, the
study was conducted to determne the acceptability of the
prelimnary service designs, to identify requirenents for design
nodi fications and enhancenents, and to elicit controller
estimates of the operational suitability, user acceptance, and
wor kl oad i npact of these services in the termnal ATC
envi ronment .

APPROACH



The objectives of the study were addressed in a series of
training and ATC sinulation test sessions conducted at the ARTS
1l A workstations in the Data Link Test Bed. During testing

nine termnal air traffic control specialists participated in a
simul ation scenario involving arrivals and final approaches. The
subjects conpleted a detailed design review of each of the four
services and conpared the current voice-only systemto a system
suppl enented by the initial Data Link capability.

PRI MARY RESULTS.

The controllers who participated in this study indicated that
Data Link would have strongly positive effects on termnal
operations if inplenmented in the present ATC system These
effects were estimted to include a significant reduction in
voi ce radi o frequency congestion, sinplified transfer of |engthy
advi sory nessages and cl ear ances, and a reduction in
communi cation errors. Furthernore, quantified projections of
average controller workload in a 60 percent Data Link aircraft
equi page environnment were found to be significantly |ower than
conparative estimates of workload in the exclusively voice radio
communi cati ons envi ronment.

The four services, as nodified by controller inputs obtained
during the study, received high ratings on the dinensions of
operational effectiveness and estimted acceptability to field
controllers. Enhancenents and desi gn changes agreed upon by the
subj ects included the addition of transaction status and history
lists, as well as increased flexibility in the design and
accessibility of itens contained in the Menu Text and Term nal
I nformation Service |ists.

Finally, the findings of the study indicated that continued
research attention will be required in the area of controller
human factors issues to guarantee the effectiveness of Data Link
services in a broad range of operational term nal ATC conditions.
These issues include the control of visual search demands in the
use of menu functions, insurance of optiml information content
in transaction status displays, and mnimzation of short term
mMenory requirenents.

RECOMVENDATI ONS.

The results of this study denonstrated that the initial term nal
services have the potential to reduce frequency congestion and
controller workload, and are conpatible with the existing NAS
term nal workstation and conputer. Therefore, it is recommended
that continued devel opnental and operational evaluation research
be pursued in the Data Link Test Bed to support the



i npl enentation of these services at the earliest possible date.
As a part of this effort, work should be initiated to verify the
technical feasibility of inplementing Data Link in the present
and future operational ATC systens, including the conduct of
enpirical tests of ARTS II1 A capabilities as outlined in appendi x
A of this report.



1. | NTRODUCTI ON.

1.1 PURPGCSE

Thi s docunment presents the results of the first Federal Aviation
Adm ni stration (FAA) Technical Center investigation of termna

air traffic control (ATC) services developed for transm ssion
using Data Link technol ogy. Prelimnary designs for four ATC
services were inplenented in the currently operational Nationa

Ai rspace System (NAS) Automated Radar Term nal System (ARTS) II1A
conputer and ATC workstation for review and evaluation by air
traffic controllers. The controllers participated in sinulated
termnal airspace test trials to assess the utility of the Data
Li nk services, recomrend requirenents for service design changes,

and provide initial views regarding the potential inpact of Data
Link on term nal operations in the NAS. It is expected that this
study will be the first in an iterative series of design
simulation tests which will culmnate in a full-scal e operati onal

eval uation and the production of design specifications for an
operational Data Link conmunications system for the termnal ATC
envi ronment .

1.2 BACKGROUND

1.2.1 The Air-G ound Communi cati on Probl em

In response to the phenonenal growth of air traffic in the United
States, the FAA has begun to devel op and inplenent a broad range
of initiatives ainmed at updating and enhancing ATC technol ogy.
Many of these efforts are focused on inproving the quality and
quantity of information that will be needed to increase safety
and productivity, and on insuring that this information is
reliably and accurately transferred anong the conputers and
humans that formthe major conponents of the ATC system

One of the primary information transfer problens that constrains
the capacity of the current ATC systemis the inherently limted
communi cation channel that exists between the air traffic
controller and the aircraft pilot. Because this voice radio |link
operates in a broadcast node between a single controller and all
aircraft operating in the airspace under his control, frequency
congestion is a common occurrence when the volune of air traffic
i ncreases. Such saturation of the communi cations channel affects
the performance of the ATC system by preventing the tinely
i ssuance of clearances and by restricting the vital exchange of
informati on upon which safe and efficient operation of the NAS
depend.



In addition to the limtations that it inposes through frequency
congestion, the voice radio channel has been identified as a
maj or contributor to errors in the ATC system The FAA has noted
that as many as 23 percent of all operational errors are caused
either directly or indirectly by conmunications m stakes (New
York Tines, 1988). Simlarly, conpilations of voluntary reports
provided to the Aviation Safety Reporting System by pilots and

controllers have shown that a majority of all potentially
hazardous incidents that are filed inplicate ineffective verba
information transfer (Billings and Reynard, 1981).

| nvestigations of the nature of preval ent conmunications errors
denonstrate that they are typically the result of an interaction
between the characteristics of the voice radio system and the
i nherent perceptual and cognitive characteristics of its human

user ( Shingl edecker, 1990). Acoustic confusions, alphanuneric
transposi tions, m sinterpretation due to pronunciation and
phraseol ogy probl ens, poor menmory  for transi ent speech

presentations of ATC information, and blocking of the radio
channel caused by inproper keying technigques are conmbn sources
of human-induced error found by these studies. |In addition, many
errors seemto be potentiated by the frequency congestion probl em
as wusers experience difficulty in nonitoring for relevant
messages on the crowded radio channel, and becone reluctant to
clarify suspected confusions in order to avoid further
congesti on.

1.2.2 Data Link Sol utions.

Data Link is a digital conmunications technology which is being
devel oped as a supplenent to traditional voice radio for ATC
communi cati ons. As shown in figure 1, Data Link comunications
can be supported by several transm ssion nedia. These i ncl ude
very high frequency (VHF) radio, satellite links, and the Mde
Select (Mbde S) secondary surveillance radar system currently
proposed by the FAA for ATC Data Link comrunications. These
multiple links will be integrated within a conmon Aeronautica

Tel ecomuni cations Network to provide seanless air-ground
comuni cati ons throughout the NAS.

Regardl ess of the specific nethod used to create the channel

Dat a Li nk communi cations are distinguished fromtraditional voice
radio links in tw essential ways. First, unlike anal ogue voice
nmessages, Data Link nessages <consist of digitally coded
i nformation. Thus, data may be entered for transm ssion either
manual ly, or by direct access to information contained in
ai rborne or ground-based conputers. Furthernore, the capability
of a digital systemto provide automatic error checking of sent
and received nessages nmakes Data Link a highly reliable system



which is not as susceptible to degradation by interfering noise
sources conpared to the existing voice conmuni cation frequencies.

The second way in which Data Link differs from the voice radio
channel is its capability to discretely address individual
receivers. Unlike the sinplex radio systemwhich permts only a
single speaker to transmt on the broadcast frequency at any
point in time, Data Link nessages can be sent selectively, and
transm ssion rates are not artificially bounded by the speaking
and listening rates of the user. As a result, Data Link channels
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can have a nuch higher capacity than voice channels and critical
messages sent by a controller are assured of receipt only by the
intended aircraft.

These features of Data Link offer significant promse for
alleviating both frequency congestion and errors that currently

inpair air-ground ATC conmunicati ons. Demands on the voice
channel should be relieved in proportion to the nunber of weather
and ATC services that are assigned to the Data Link system In

addition, by automating or sinplifying pilot and controller
functions in the comuni cation process that are subject to error,
Data Link should inprove the overall effectiveness of information
transfer. For exanple, using Data Link it wll be possible to
reduce anbiguous nessage transmssions by storing standard
clearances in conputer nenory for sinplified wuplink to an
aircraft; failures to detect nessages and acci dental acceptance
of clearances by wunintended aircraft wll be elimnated by
di screte addressing; interpretation errors should be reduced by
the availability of a persistent and recall able visual display of
the received data; and the system will automatically verify the
integrity of a nmessage w thout human intervention.

1.2.3 Data Link Design and Eval uati on Research

As noted above, the technical characteristics of Data Link have
the capability to significantly enhance the safety and
productivity of the ATC system However, Data Link also wll
i ntroduce a profound change in the way in which ATC tasks
are acconplished by controllers, and in the way aircrew w |l

receive and respond to ATC instructions. Because of this, the
ultimate success of Data Link will be critically dependent on the
extent to which it is enployed to <create an effective

communi cations system that is fully integrated with its human
users and with the full range of tasks that they are required to
perform

Recognition of the need to consider operational suitability and
human factors issues as prinmary drivers of the design process
pronpted the FAA Technical Center to initiate a program of manned
sinmulation research to guide the devel opnent of Data Link ATC
services. The overall goals of this research are to (1) define
useful Data Link services, (2) determne the user information
requi renents for Data Link conmunications, (3) develop display
formats, data entry nethods and procedures which pronote
efficient controller performance, and (4) evaluate the inpact of
Data Link services on both human and system performance.

The Data Link Test Bed was assenbled at the FAA Technical Center
to address these goals. The Test Bed is a laboratory facility
whi ch uses actual NAS equipnment in conjunction with sinulation



conputers to create a system capable of realistically exercising
Data Link applications in an end-to-end fashion. In its current
form the Test Bed is conposed of the NAS en route and term na
| aboratories, the NAS System Sinmulation Facility (NSSF), and the
Data Link |aboratory (figure 2). The NAS | aboratory includes the
HOST conputer system used for en route ATC data processing as
well as its primary termnal counterpart, the ARTS II1A system
Both conmputers are linked to several suites of their respective
operational controller workstations which are used to display
radar data and to enter system i nputs.

The NAS |aboratory is linked to the NSSF through the ATC
conputers. The NSSF permts the NAS | aboratory systens to act as
functioning control facilities by providing sinulated radar data
and voice radio inputs from simulation pilots operating from
conputer termnals. Alternatively, the ARTS and HOST portions of
the NAS |aboratory can be used as self-contained sinulation
systens wusing the training functions included wthin the
operational systens. In this configuration, pilot functions are
performed by sinulation operators working at addi ti onal
controll er workstations

The Data Link |aboratory houses a VAX 11/ 750 conputer which acts

as an enulation of the future ground Data Link processor. The
VAX conputer supports digital comunication between sinulation
pilots and controllers. | t can also provide two-way

communi cation between controllers and high-fidelity aircraft
simul ators or actual airborne systens using Mbde S or any other
install ed Data Link technol ogy.

The central thrust of Data Link research in the test bed is
manned sinul ation research ainmed at defining and testing designs
for ATC services. The general approach used in this research
enpl oys a two-stage nethodol ogy. In the first stage, field
controllers who are nenbers of the Ar Traffic Data Link
Val i dati on Team (ATDLVT) participate in highly controlled, part
task sinmulation studies to reduce the nunber of service design
options to a reasonable set. These mni studies (Talotta, et al.

1988, 1989) focus on formal testing and review of display and
procedural options rather than on high-fidelity sinmulation of the

ATC environnent. Test scenarios range from basic presentations
of two or three aircraft to sinplified air traffic problens
derived from actual controlled airspaces. Using an iterative

approach, feedback from the controllers is used to nodify the
designs for further test.

In the second stage of +the process, operational evaluation
studi es are conducted to exercise refined service designs in the
context of full-scale ATC scenarios. The goals of these studies
are to confirm the optimality of the finalized service



configurations and to exam ne controller performance issues which
can only be addressed under test conditions approaching the
real i smof an operational environment.
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1.2.4 En Route Devel opnent.

Research and devel opnent efforts in the Data Link Test Bed began
with the en route portion of the ATC system Two mni studies
were conducted to refine the transfer of comunication and
altitude assignnent services as well as a nenu text function for
uplinking interimaltitudes and an unformatted free text function
(Talotta, et al., 1988, 1989). These efforts culmnated in an
operational evaluation in which conplex test scenarios and high
levels of air traffic were used to test the services under 20
percent and 70 percent levels of Data Link aircraft equipage
(Talotta, et al., 1990). The operational evaluation study
clearly denonstrated the benefit of the initial en route services
on frequency congestion with a reduction in controller voice
transm ssions of up to 41 percent and in channel occupation tine
of up to 45 percent. This result was achieved at no observed
loss in controller performance or increase in controller workload
ratings.

Currently, en route developnent is expanding to the design and
testing of controller interfaces for speed and heading
cl earances, the processing of pilot downlinks, and procedures for
the utilization of assistant controllers

1.3 DATA LINK FOR THE TERM NAL ENVI RONMENT.

1.3.1 Termnal Data Link |ssues.

The potential benefits of Data Link conmunication technology to
termnal ATC operations can be accrued in the en route
environnent. At present, the demands at busy airports often can
result in a controller engaging in prol onged periods of non-
stop verbal comunication to convey all of the clearances needed
to guide the pilots of arriving, departing, and transient
aircraft. In addition, the requirenment to convey |engthy
advi sory nessages to aircraft entering the termnal area rapidly
expends the limted communication time available to tactically
control closely spaced aircraft on the approach and departure
flightpaths.

While the need to reduce frequency congestion is simlar in the
termnal and en route environnents, the problem of designing an

effective Data Link system for the two is quite different. I n
general, termnal operations are nore sensitive to timng issues
than en route operations. Because of this, comunications

functions assigned to Data Link nust be carefully selected,
designed, and tested to ensure that transm ssion delays or
display clutter do not interfere with controller performance
requirenents. In addition, wunlike some en route clearances,



current termnal procedures do not require the use of keyboard
inputs to update the ATC conputer data base. For this reason
the need to develop efficient nethods for entering and uplinking
control nessages is essential.

1.3.2 1Initial Term nal Services.

Drawing from their experience as termnal controllers and an
awareness of the design issues outlined above, the term nal
subgroup of the ATDLVT nmet with FAA engineers and supporting
contractors in a series of neetings held in 1989 and 1990 to
define an initial group of ATC services suitable for the term na
envi ronnent . The follow ng services were designed during these
meetings, and prelimnary versions were denonstrated using a
rapid prototyping systemat The M TRE Corporation

a. Transfer of Communication. Transfer of conmunication is
the nmessage sent to an aircraft after track control has been
accepted by the new sector which instructs the pilot to change
radio frequencies in order to comunicate wth the new
controller. Using the designed Data Link service, this nessage is
automatically prepared by the ATC conputer and uplinked either
automatically or upon a controller input action.

b. Initial Contact. Wen an aircraft receives a new radio
frequency, current ATC procedures require the pilot to contact
the new controller and to report the aircraft's currently
assigned altitude. Wth Data Link, after the new controller
obtains Data Link comrunication eligibility, a request for the
initial contact report is sent automatically to the aircraft, and
t he downl i nked report is presented to the controller on the radar
di spl ay.

C. Term nal Information Service. When arriving aircraft
enter a termnal airspace, they are typically given a report of
the term nal operating conditions and of the approach clearance
that they can expect to receive. Using Data Link, these commonly
| engt hy nessages are provided by a sinple controller action to
initiate the uplink.

d. Menu Text. Menu text is a Data Link function which
permts the controller to select and uplink a comonly used
cl earance froma nenu list displayed on the radar screen. In the

service design tested in this study, such clearances included
speed, heading, and altitude change instructions.

1.3.3 Feasibility of Inplenentation in ARTS.

As discussed earlier in this introduction, the approach taken by
the FAA Technical Center to Data Link service devel opnent has
focused on the use of operational ATC conputers and workstations



to test the human factors of digital conmmunications technol ogy
for ATC applications. The primary advantage of this approach is
that it provides controllers with famliar equipnment and a test
environment which permts them to make maxi num use of their
oper ati onal experience to judge the suitability and acceptability

of the service designs under evaluation. Because of this, the
results derived fromthe approach are believed to be val uabl e not
only for potential inplementation of Data Link in currently
oper ati onal NAS equi pnent, but also for the eventual

i npl ementation of Data Link in future equi pnent being devel oped
under the FAA Advanced Automation System (AAS).

At the present tine, it is wuncertain whether Data Link ATC
services will be installed in ARTS or be delayed until the AAS
term nal workstation and conputer enhancenents are inplenented.

The advanced equipnment s being designed wth sufficient
conputing power and display capabilities to support Data Link
functionality. However, because of the limted capacities of the
agi ng ARTS system consideration nust be given to the technica

feasibility of exercising the option to inplenent the initial

Data Link term nal services in the near term

Appendi x A presents the results of an analysis of the projected

i npact on the ARTS II1 A operational systemfromthe installation
of the Data Link services which were inplenented for the initial
testing presented in this report. The analysis did not include

projections of the conmmunications overhead associated with the
Aeronauti cal Tel ecommuni cati ons Network (ATN) inplenentation that
is being specified for Data Link comrunications. The effect of
the communications requirenents on processing and nenory
resources depends upon the selected system configuration. Even
if the ARTs IIlA would be required to handle all of the
communi cations processing as an end state system t he
communi cations functions could be acconplished by additional
processor and nenory resources independent of the ARTS I[IIA
processor and nenory. Wth these assunptions, the analysis
provides an enpirical estimate of the display, data entry, and
data processing requirenents to provide the initial Data Link
services. The analysis indicated that the services would require
no nore than 10K of the 80K to 128K of unused nenory avail able

under the nost recent ARTS III A upgrade. Likew se, a five percent
maxi mum i ncrease in processing requirenents was predicted, which
appears to be well wthin the capabilities of the -current

upgrade. Although the Data Link services would place significant
addi ti onal demands on the ARTS display capabilities, these were
al so projected to present no problem when using the |atest Ful
Digital ARTS D splay (FDAD) system

In summary, the analysis indicates that the ARTS II1A wth
pl anned upgrades has additional capacity to allow inplenentation



of additional functions such as Data Link. The expected
processing and nenory utilization required to inplenent Data Link
is well within the expected processor and nenory capacities. The
physi cal and functional interconnection of the ARTS systemto the
Data Link system and the conmunications functions required to
acconplish the interface needs additional investigation to
determine the inpact on the ARTS system The conduct of
confirmatory engineering tests would be warranted if the option
to inplenent Data Link in the ARTS systemis exercised.

1.3.4 Oganization of the Report.

The followng sections of this report present the research
nmet hodol ogy that was used and the findings that were obtained in
the first FAA Technical Center controller evaluation study of

Data Link termnal ATC services. Section 2 describes the
specific objectives of the study and the testing approach that
was used to achieve these objectives. Section 3 presents the
detailed results of the testing. Sections 4 and 5 list the

concl usi ons t hat wer e deri ved from the results and
recommendations for future efforts toward the devel opnent of an
operational term nal Data Link system

2. TEST DESCRI PTI O\

2.1 OBJECTI VES.

The Data Link mni study reported here was designed to neet three
maj or obj ecti ves:

a. Determne the acceptability of the prelimnary designs for
Data Link termnal services as inplenmented in NAS (ARTS I|IIA)
equi pnent and software.

As noted in the introduction to this docunent, the four
designs of the services tested in the study were defined by the
termnal controller nenbers of the ATDLVT, and reviewed using a
dynam c prototyping system For the present study, nodified
versions of these designs were transferred to the operationa
ARTS |11 A system maintained in the Data Link Test Bed. Because

the rapid prototype system manual input and visual display
devices differed significantly fromthe ARTS Il A user interface,
several design changes were nmade to conplete the transition. In

addition, selected display features including the. transaction
list and the history list were not inplemented in the initial
ARTS IIIA versions of the services. Finally, potenti al
enhancenents were added to the basic designs for evaluation by
the test controllers.



b. lIdentify requirenents for additional Data Link service
design nodi fications and future controller testing.

Past experience with controller testing of en route Data
Link services has shown that an iterative evaluation process is
necessary to produce designs which are sufficiently robust for
operational testing. Because of this, the second objective of
the present study was to provide additional simul ati on
experiences to the ATDLVT which would elicit any required
nodi fications to the original designs that had not been foreseen
during conceptual devel opnent.

C. Elicit controller esti mat es of t he oper at i onal
suitability, user acceptance, and workload inpact of Data Link
services in the termnal ATC environnent.

The final objective of the research was to obtain an
assessnment of whether Data Link ATC services continue to appear
feasible in the context of term nal operations. Based on fornal
simul ati on experiences with the initial services as inplenented
in the Data Link Test Bed, the controller subjects provided
projective expert input regarding the effects of Data Link on ATC
operations and controller performance capabilities.

2. 2 APPROACH

The approach that was adopted to neet the objectives of this mni
study involved the participation of termnal air traffic
controllers in a series of training and ATC sinulation test
sessions presented at the ARTS II1 A workstations in the Data Link
Test Bed. During testing, the subjects controlled traffic in a
scenario involving aircraft arrivals and final approaches.
During the early test sessions, the subjects conpleted a detailed
review of the designs for each of the four Data Link services.
In the final repetitions of the scenario, the subjects conpared
the ~current wvoice-only conmunication system to a system
suppl enented by the initial Data Link services in order to nake
predictive judgnments about the effects of Data Link on the ATC
system and control |l er perfornmance factors.

Extensive debriefings followed each test session. These
debriefings were used to achieve a group consensus regarding
required Data Link service design changes and to elicit
controller opinions regarding future testing needs.

The general rationale underlying the test design was to provide a
relatively unconplicated ATC environnment which would permt the
controllers to devote their attention to an exhaustive analysis
of the service designs, while providing sufficient realism to
support their initial projections regarding the inpact of the



services under oper at i onal condi ti ons. Highly structured
gquestionnaires and quantified rating scales were used as prinmary
assessnment tools in order to provide an objective baseline
against which future nodifications to term nal Data Link
functionality could be gauged.

2.3 TEST CONDUCT.

2.3.1 Subjects.

The subjects for this study were nine, full performance |evel
term nal air traffic control specialists. Al subj ects were
menbers of the FAA ATDLVT which was fornmed to participate in the
devel opnent and evaluation of Data Link ATC services. FAA field
facilities represented by the subjects were Denver, Mdison (W),
St. Louis, and Tulsa Airport Traffic Control Towers (ATCTs) and
Ccean (NY), and Ontario (CA) Term nal Radar Approach Control
Facilities (TRACONs).

Seven of the nine subjects had participated in a majority of all
conceptual design exercises held during a 2-year period prior to
the study. The renmaining two subjects were new nenbers of the
ATDLVT who received their first experience with Data Link during
the course of the study.

2.3.2 Test Scenario and Data Link Operations.

The ATC scenario developed for this study utilized the Atlantic
Cty International Airport (ACY), NJ, Approach Control Airspace.
(figure 3). For the purposes of the study, several nodifications
were made to the actual sectorization of the surroundi ng airspace
and to the air traffic procedures used at the facility. Wthin
the test scenario, ACY controlled the airspace vertically from
surface to 8,000 feet. All existing restricted and warning areas
were considered inactive, and the extensive airspace shelves to
the north shared with Washington and New York Air Route Traffic
Control Centers (ARTCCs) were elimnated and considered part of
ACY approach. Runway 31 was active throughout the scenario.

The ACY approach airspace was divided into three sectors nmanned
by alternating subgroups of three test subjects. The North
Arrival sector included all airspace north of the active runway
excluding the Final airspace. The South Arrival sector included
all airspace south of the runway excluding the Final airspace.
The Final controller was responsible for the area 5 mles to
either side of the final approach course, fromthe airport to 15
mles, and fromsurface to 3,000 feet.



As shown in figure 3, inbound traffic was transferred to the
North and South sectors over four Transfer of Control Points.
Both the North and South controllers were required to blend two
streans of aircraft and establish each aircraft on downw nd for
runway 31 at 4,000 feet. After any conflicts had been resol ved,
the North and South controllers handed off the aircraft to the
Final controller. The Final controller then sequenced the two
streans of traffic onto the final and cleared each aircraft for
appr oach.

During each 30-mnute repetition of the scenario, the North and
South controllers each handl ed approximately 13 aircraft, while
the Final controller was responsible for all arriving traffic.

Pilot functions for this study were provided using the ARTS
Enhanced Target Generator (ETG function. During each test run
three of the subjects manned the active control sectors. The
remai ning six subjects acted as sinulation pilots using three
addi tional ARTS workstations. Two sinmulation pilots were seated
at each workstation. One of the pilots naintained voice radio
communi cation while the other used a termnal interfaced to the
VAX conmputer to respond to Data Link comrunications. Both pilots
made ETG inputs to control the flightpaths of the aircraft.
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When using Data Link for ATC communi cations, the elapsed tine
bet ween a nessage uplink command and receipt of a pilot initiated
response was determined by the sinmulator pilot's response
| at ency. This includes an uplink and downlink tinme which was
introduced to sinmulate the delays that would be experienced with
Mode S Data Link transm ssions using the currently operationa
termnal antenna rotation rate of 4 seconds. Upl i nk del ays
ranged from O to 4 seconds. Downl i nk del ays were determ ned by
the timng of the simulator pilot's response, increasing fromO
in 4-second increnents.

In order to exercise controller procedures for handling failed
Data Link transmssions, 10 percent of all wuplink attenpts
resulted in no technical acknow edgnent (NAK) by the sinulated
aircraft Data Link avionics. Likewise, if a simulator pilot
failed to respond to a Data Link nessage within 40 seconds after
receipt, a time-out nessage was sent to the ARTS. In accordance
with the prelimnary service design specifications, either a NAK
or a tinme-out resulted in a FAIL nessage in the aircraft's data
bl ock on the controller's radar display.

2.3.3 Test Procedures.

This study was conducted over a 3-day period in conjunction with
a schedul ed neeting of the full nenbership of the ATDLVT held at
the FAA Technical Center. The first day was devoted to subject
prebriefing and training. On the second and third days, testing
was conducted to support a review of the Data Link services
designs and projective evaluation of the operational inpact of
Dat a Li nk.

2.3.3.1 Famliarization and Trai ni ng.

The prebriefing session began wth a series of short
presentations which were used to explain the objectives of the
mni study and the testing activities. The subjects also
received a briefing on the questionnaires and rating scal es that
woul d be used during data collection, and conpleted the scale
devel opment card sorting task required for the interpretation of
wor kl oad judgnments using the Projective Subjective Wrkload
Assessnent Techni que (PROSWAT) (see section 2.3.4).

Fam liarization wth the Data Link service designs was

acconplished in a |-hour classroom session during which all data
i nput procedures and displays were explained. Differences
between the ARTS |11 A Test Bed inplenentation of the services and

the prelimnary design specifications also were discussed during
this session. Finally, the subjects received a briefing on the
ai rspace scenario, the ATC procedures that would be used during
testing, and on the operation of the ETG sinulation system



Follow ng the prebriefings, the subjects proceeded to the Data
Link Test Bed for hands-on training. Subjects were assigned to a
sector in one of the three subgroups and were given the
opportunity to control traffic with several 30-mnute test

scenarios. In order to maxim ze the efficiency of training, al
aircraft in the scenario were equi pped with Data Link during this
sessi on. Facilitators were available at each sector to assist

t he subjects and answer questi ons.

2.3.3.2 Design Review

Data collection began on the second day of the study with a
formal review and verification of the Data Link service designs.
The design review was acconplished in the Data Link Test Bed

Each subgroup of three subjects controlled traffic in the
scenario during two 30-mnute runs. The primary task of each
subj ect during these runs was to thoroughly exercise each of the
four Data Link service designs in order to evaluate them using a
structured review bookl et .

The review booklet was organized in two sections. The first
focused on the primary differences between the ARTS I1IIA
i npl ementation of the Data Link services and the specifications
devel oped by the ATDLVT during earlier conceptual design efforts.

These differences included the absence of a history list of
conpl et ed Dat a Li nk transacti ons in t he tested ARTS
configurations, and of a list which tracked the status of

transactions in progress. The first section also addressed
differences in keyboard assignnents for Data Link inputs and in
the graphic synbols used in the data block to denote Data Link
equi page and the controller's eligibility to communicate with the
aircraft. Associ ated questionnaire itens asked the subjects to
evaluate the need for the display features not included in the
tested ARTS versions, and the acceptability of the display
substitutions that were made.

The second section of the design review addressed each of the
service designs in detail. The subjects were given a text
description of the operational features of each service (see
appendi x B), and were first asked to judge the accuracy of the
description against their actual experience in the Test Bed.
Succeedi ng questions required themto judge the simlarity of the
ARTS inplenentation to the original design specification, the
acceptability of the design as presented in the Test Bed, and the
need for future nodifications to the Test Bed service designs.
For each service, the subjects were asked to fully describe any
desi gn changes that were either desirable or required.



After all subjects had conpleted the Test Bed exercise and the
i ndi vidual design review booklets, they participated in a group
debriefing session. This 3-hour session was led by a research
staff nmenber and consisted of a group discussion of each service
desi gn. The debriefing was ainmed at identifying and resol ving

di sagreenents anong the subjects regarding the fidelity and
acceptability of the service designs, and at achieving a consensus regarding
any recommended desi gn changes.

2.3.3.3 Projective Eval uations.

The second day of testing required each subgroup of three
controllers to participate in tw sinmulation runs of the test
scenario. In one of these runs, the subjects conpleted their ATC
tasks using only the voice radio system In the second run, 60
percent of the aircraft in the scenario were equipped for Data
Link communications in order to sinulate a relatively mature
stage of system inplenentation. To mnimze testing sequence
bias in the subsequent rating tasks, two of the subgroups
experienced the voice-only run prior to the Data Link run, while
the third subgroup participated in the conditions in a reversed
order. In both cases, the subjects were instructed to treat the
ATC problem as realistically as possible and to focus on
conparing the current voice radio system to the conbined Data
Link and voi ce system

Foll owi ng the conpletion of both runs, each subject conpleted a
series of rating forns. The first form asked subjects for two
wor kl oad rati ngs. The first of these was an estinmate of the
average wor kl oad experienced by a controller on a typically busy
day in the responder's hone facility using the current voice-only
system The second rating asked the subjects to nake a
conparative projective estinmate of the controller's workload in
the sanme situation with a 60 percent |evel of Data Link equipage
inthe aircraft fleet.

After conpleting the workload ratings, the subjects evaluated
each of the four Data Link services on two dinensions. The first
of these was the projected operational ef fectiveness and
suitability of the service, while the second was the
acceptability of the service to controllers and their predicted
preference for the features of the service design. For both
di mensi ons, the subjects were asked to base their ratings on the
nodi fied ARTS |11 A service design baselines established during
t he design review and di scussi ons conducted on the preceding test
day. The subjects were asked to provide witten comments and a
rationale for each of the ratings that were nmade.

After the subjects had conpleted the rating forns, a final group
debriefing was conducted. This debriefing solicited any further
design nodification requirenents that may have arisen during the



second day of testing and presented several additional issues for
di scussi on. These issues included the feasibility and
desirability of inplementing Data Link in the existing ATC
system the potential inpact of Data Link transm ssion delays on
controll er performance, the conditions under which Data Link and
voi ce communi cations would be used, and future requirenents for
Data Link testing.

2.3.4 Data Collection.

The data obtained in this study were collected using several
met hods designed to elicit structured and, where possible,
guantified expert input fromthe air traffic controller subjects.
As described in section 2.3.3.2, the design review was
acconplished with a series of questionnaire forns which guided
the subjects through an evaluation of the mpjor alterations to
the prototype Data Link service designs and provided them with
the opportunity to record individual suggestions for design
nodi fications. The object of this exercise and the follow ng
debriefing was to establish an initial ARTS |11 A design for Data
Li nk services upon which future devel opment will be based.

The projective data generated on the second day of testing was
collected using three subjective rating instrunents. Wor kl oad
was estimated using a nodification of the Subjective Wrkload
Assessnent Techni que (SWAT) known as Projective SWAT or PROSWAT.
SWAT and PROSWAT were developed in the early 1980's by the U S
Air Force as a standardized nethod for obtaining quantified
estimates of perceived workload in a broad variety of
occupational tasks. The techni ques have recei ved extensive use in
sinmulation and operational testing environnents wthin the
Department of Defense, and were used successfully wth air
traffic controllers in the en route Data Link mni studies and
operational evaluation. SWAT is used to rate the actual workl oad
experienced by a subject in a preceding period of work, while
PROSWAT is the identical nethod used during the research and
devel opment process to estimate the workload that would be
experienced in a fully inplenented operational system

Briefly, both SWAT and PROSWAT consist of three, 3-point rating
scales referring to the dinensions of tine |load, nental effort,
and psychol ogical stress. Subjects indicate the workload
associated with an activity by marking the appropriate point on
each scale. A wunique feature of this workload neasurenent
technique is that the three ordinal ratings that are obtained are
converted to single points on an overall interval nmeasurenent
scale of workload with values ranging from O (low workload) to



100 (high workl oad) using a mathematical anal ysis nethod known as
conjoint measurenent. This nmethod not only yields data which are
anenable to powerful, paranmetric statistical testing, but also
tailors the neasurenent scale to each individual's (or
honmogeneous group's) concept of how the time, effort and stress
di mensi ons conbi ne to produce the overall perception of workl oad.

The interval scale used to interpret the ordinal ratings is
created by having subjects generate an ordering of all 27
conbi nations of the time, effort, and stress |levels on the scales
which reflects their individual concepts of how the three

di mensi ons conbine to produce different workload |evels. The
card sorting task used during the scal e devel opnent exercise was
conpleted by all nine subjects in this study during the

prebriefing session held on the first day. PROSWAT ratings of
controller workload conparing the current voice-only systemwth
an ATC system suppl enmented by Data Link were nade by the subjects
followng the simulation runs on the final test day.

After conpleting their PROSWAT ratings, the subjects rated each
of the four termnal services on two factors. The first scale
requi red the subjects to assess the operational effectiveness and
suitability of the service design. The data form permtted the
subject to rate a service as "not operationally suitable" or on a
7-point scale ranging from1 "mninmally effective" to 7 "highly
effective." Instructions for conpleting this scale asked the
subjects to use their experience in the Test Bed and their prior
background in termnal ATC operations to assess how well each
service design could acconplish its intended task in the full
range of potential field environnents.

The second rating was an estimate of the acceptability and
preferability of each of the service designs to air traffic
controllers. The data form permtted the subjects to rate a
service as "conpletely unacceptable” or on a 7-point scale
ranging from 1 "acceptable, but not preferred" to 7 "highly
preferred." Instructions directed the subjects to consider the
extent to which the displays, input requirenents, and procedures
used to deliver a service wuld be usable by air traffic
controllers.

Addi tional explicit instructions for these two scales indicated
that the dinmensions of effectiveness and preference should be
treated independently from one another since a service mght
include all functions needed to neet operational requirenents and
still be poorly suited to the way in which controllers perform
their functions. Li kewi se, a design could be easy to use, but
have m ssing features which prevent it from neeting operationa

needs.



The instructions provided to subjects for the use of all rating
scales and for the SWAT scal e devel opnent task are included in
appendi x C along with exanples of the actual rating forns.

3. TEST RESULTS.

3.1 TERM NAL DATA LI NK SERVI CE DESI GN REVI EW

Two maj or objectives of the present study were to determ ne the
acceptability of the Data Link service designs as inplenented in
the ARTS II1A portion of the Data Link test bed, and to obtain
controller inputs regarding desirable nodifications to these
desi gns. The follow ng subsections summarize the conbined
results obtained from the individual design review booklets and
from the debriefing discussion that was conducted follow ng the
revi ew exerci se.

3.1.1 Transaction Status List.

The prelimnary design for the termnal services provided
information regarding the status of ongoing Data Link
transactions both in abbreviated form in the data block
associated with each equipped aircraft, and in a conbined |ist
form The status list was not included in the ARTS IIIA
i npl enentation tested in this study.

| ndi vi dual subj ect responses regarding the need for a status |ist
were m xed. O the seven subjects who had participated in the
conceptual design effort prior to the study and had worked with
prototype data block and status list displays, three felt that
the status list was uninportant, two indicated that it was a
preferred but not a necessary feature of the design, and two
indicated that it would be required. Those subjects who felt
this feature was uninportant noted that it was redundant with the
primary data bl ock display of the nmenu item nunber sent and the
outcone of the transaction. The subjects expressing sone |evel
of preference for the list felt that while the data block is a
primary display, any requirenent to quickly determ ne the content
of the transaction in progress would be hanpered by the need to
scan to the menu text list to interpret the menu item nunber in
the data block. In these cases, the list's inclusion of the ful
content of a clearance would sinplify the task of rechecking the
nmessage.

Group discussion of the status list led to a consensus opinion
that the status list should be included in the ARTS Il A Data
Link design for further testing. |In addition, it was determ ned
that the status list, as well as the data block display of



transaction status, be nodified to include nore extensive
information (see section 3.1.2 bel ow).

3.1.2 Data Block Transaction Status D spl ay.

During conceptual devel opnent of the Data Link ATC services, a
majority of both termnal and en route nenbers of the ATDLVT have
argued that the controller should not be required to divert
attention from the aircraft on the radar display in order to

monitor the status of ongoing Data Link transactions. In the
termnal effort, this led to the use of the third line of the
data block as a transaction display. However, because the

controllers expressed an equally strong belief that information
inserted in the data block nust be sinplified to prevent display
clutter and controller confusion, the data presented in the third
line were limted to an abbreviation of the service in progress,
and an alerting display if the transaction was not satisfactorily
conpl et ed. No indication that an uplink had been successfully
sent or delivered to the aircraft was included. Li kew se, only
removal of the transaction data fromthe third Iine was used to
indicate that a pilot had confirmed nmessage recei pt and intended
to conply, and no distinction was nade anong the several reasons
for transaction failure.

During the design review, the subject controllers noted that nore
conplete status information may be needed in the data bl ock and
in the status display to avoid potential errors and to permt the
controller to appropriately deal with a failed transaction. Two
potential sources of error were cited in support of this
requirenent. First, renoval of the data in the third line as a
means for indicating that a nessage had been WLCOed was
considered a problemsince it presents the opportunity for a busy
controller to forget whether the nessage had been originally
uplinked. One solution to this problemthat was suggested is to
di splay A "W character or the word WLCO when the pilot responds
positively, and for this data to remain in the status list and
the third Iine of the data block for several seconds or until a
new transaction is initiated.

The lack of a displayed distinction between causes for
transaction failures was seen as second possible source of
pr obl ens. The controllers noted that their decision to respond
to a failed transaction by repeating the uplink or by contacting
the pilot by voice radio may depend upon whether the failure was
caused by a technical error in the digital transmssion, a
pilot's failure to respond to a nessage within the prescribed
time limts, or a pilot dowlink indicating that he was unable to
conply with the uplinked clearance. As a result of this
di scussion, it was decided that the ARTS Test Bed Data Link
design would be nodified to present full failure information in
the data block and in the status |ist.



3.1.3 Transaction Hi story List.

The prototype design for the termnal services included a second
list which displayed nessages which had been successfully
uplinked to each aircraft in the controller's sector. Thi s
feature was not included in the ARTS inplenentation eval uated
during this study. The results of the design review indicated
t hat al though one subject felt that the history list was not an
i nportant feature of the services. Two indicated that the I|ist
was a necessary feature, and five felt that it was preferable,
but not necessary. The mpjority preference for the history I|ist
was supported by individual coments suggesting that it nmay be
valuable as a general nenory aid which would prevent repeated
transm ssions and pilot inquiries. During debriefing, it was
deci ded that the history list would be added to the ARTS Test Bed
i npl enmentation of Data Link for future eval uation.

Subsequent discussion of the optimal nunber of itenms to be
included in the list did not result in a consensus opinion.
Requests ranged from only the |ast clearance received by each
aircraft up to a total record of the nessages received by an
aircraft while in the sector. Argunents for [|ists containing
only the last conpleted total record of the nessages received by
an aircraft while in the sector. Argunents for lists containing
only the |last conpleted uplink indicated that the list would be
used primarily for resolving nonentary |apses of short term
menory, while subjects preferring longer lists felt that it would
be necessary to capture sufficient past nessages to determ ne an
aircraft's current assigned heading, speed, and altitude. As a
result of this split opinion, list length will be enpirically
investigated in a future mni study.

3.1.4 Data Link Equipage and Eligibility D splay.

The basic design for both en route and termnal Data Link
services requires a data block display indicating whether the
aircraft is equipped for Data Link conmunications, and which
controller is eligible to communicate with the aircraft. 1In both
the HOST/ pl an view di splay (PVD) en route system and the term nal
designs, this display is provided by graphic synbology |ocated in
the first position of the first line of the data bl ock. The
prototype term nal design used a plus sign to denote an equi pped
aircraft with which the current controller was eligible to
communi cate, and an asterisk to identify an equipped aircraft
which was eligible to receive wuplinks from the current
controller. Because of concerns about the legibility and
di stinguishability of these synbols on the ARTS IIIA radar
di splay, an open square and open triangle were used in t he



initial Test Bed i npl enent ati on to provi de t he same
i nformation.

In the design review, none of the subjects indicated that the
information offered by this synbology was inadequate and three
controllers were conpletely satisfied by the use of the open
geonetric shapes. However, six subjects felt that the origina
synbology would be easier to use. One argunent for this
preference was that the square could be m sperceived as an "0"
used in mlitary call signs.

During the debriefing session, the general problem of synbol
confusability wth other ARTS synbol assignnents and the
exacerbation of this problem caused by display msalignnent |ed
the group to suggest that alternate synbol sets be maintained as
a variable feature of the Test Bed for review in subsequent
research.

3.1.5 Keyboard Assi gnnents.

The prototype denonstration of the conceptual term nal Data Link
service designs used a generic, personal conputer-type keyboard
for Data Link inputs. Because of this, inplenentation on the
i diosyncratic keyboard used in the ARTS system required changes
in the location of the keys. Ei ght of the nine subjects found
the assignnments used in the ARTS inplenentation acceptable. A
di ssenting controller felt that the |ocation of the Data Link key
in the F9 position in the upper left quadrant of the keyboard
coul d be sonmewhat inconvenient because right handed users would
obscure nost of the keyboard when pressing this key. Changi ng
the assignnment to the right hand extrene of the function key row
was suggested as an alternative, and this option wll be included
for testing in future studies.

Debriefing discussions of the keyboard and general I nput
procedures revealed a potential dilemma in Data Link integration
with an operational system Wiile there was strong agreenent
t hat input sequences should be used which mnimze the nunber of
keystrokes required to initiate an uplink, the use of inplied
functions to acconplish this goal was seen as a potential source
of controller error. Using the inplied function features
included in the original design and retained in the tested ARTS
i npl enmentation, it is possible to initiate nost uplinks wthout
preceding the data command by the Data Link key input. Wi | e
reduci ng keystrokes, this feature creates sonme inconsistencies
which require the controller to renmenber when the Data Link key
input is required. In addition, the existing use of inplied
functions for other ARTS functions makes it possible to initiate
an unwanted function when an error is made in a Data Link entry.



No final design consensus was reached on this issue. It was
determined that future tests should be conducted in which
keyboard entries are recorded in order to identify and renedi ate
any common keyboard entry errors that arise.

3.1.6 Initial Contact Service.

All  of the subjects who had participated in the conceptual
devel opnent process agreed that the Test Bed inplenentation
faithfully reflected the original design specification and that
the design was wequal to, or better than, the prototype
denonstrati on. Al | nine subjects also indicated that no
nodi fications to this service were required.

3.1.7 Termnal Information Service.

Six of +the seven subjects who participated in conceptual
devel opment indicated that the ARTS inplenmentation of the
termnal information (Tl) service was equivalent to, or better
than the prototype inplementation. O the full subject sanple,
four subjects indicated that no design changes were necessary.
However, the remaining five subjects indicated that inprovenents
were needed. In particular, these subjects felt that the option
to conbine a TI nessage wth one or nore nenu text nessages
shoul d be enhanced to permt the use of any of the TI nessages
rather than limting this option to the default nessage.

The subjects also noted the requirenent for a sinplified nethod

for changing the content of the default nessage. The default
message feature was developed to permt sinplified uplink of the
nmost commonly wused information at a sector. In order to

accommodat e changes in this nessage, the tested design permtted
the controller to retype a new nessage in the default position of

the list. Subjects who requested a change in this feature
preferred an option to nmake an entry which would shift an
exi sting nessage into the default position of the Tl list. Both
nodi fications were discussed in the debriefing session and
adopted as Test Bed changes. In the nodified version, TI 1list
items wll be nunbered from 1 to N, with the default nessage
denoted by its position at the top of the list. Selection of a
new default item will nove the item to the top position and

retain its original nunber designation. The remaining itens wll
then placed in succeeding positions determ ned by their nunerical
desi gnati ons.

3.1.8 Transfer of Conmmuni cati on.

Two subjects indicated that no changes to the design for the
transfer of comrunication (TC) service were needed, while the
remai ning seven noted changes that were either desirable or



necessary. The nost comonly required nodification nentioned was
the inclusion of an ability to maintain Data Link eligibility in
the interim period between the conpletion of the sector handoff
and the initiation of the radio frequency uplink through a manual
input. The tested ARTS design did not permt an uplink while the
TC HELD nessage was displayed in the third line of the data
bl ock. This nodification is required to accombdate the conmmon
controller practice of conpleting the handoff well in advance of
an aircraft exiting the sector.

Permtting other uplinks while a TC nessage is in the held state
will require sinultaneous use of the third Iine of the data bl ock
by the two services. Future studies will conpare a tinesharing
approach to a display in which initiation of an uplink wll
repl ace the TC HELD nessage until the transaction is conplete.

3.1.9 Menu Text.

All of the subjects rated the ARTS inplenentation of the nenu
text function equal to, or better than the original design
speci fication. Unlike the original desi gn, the ARTS
i npl ementation included a nenu by-pass feature which permtted
the subjects to uplink a speed, heading or altitude by typing the
F9 key, then an S, H or A followed by the three-digit nunerical

paraneter for the clearance. In the individual reviews, five
subjects specifically comented that the by-pass function was a
definite enhancenent to the nenu text service. Subsequent

debriefing discussions revealed a split preference for the use of
the by-pass function and the standard nenu text for uplinking
cl ear ances. Wil e some subjects chose to work exclusively with
cl earances entered as nenu itenms, others felt that this
restriction would create |engthy nenus in which the selection of
a clearance would becone a difficult task. These individuals
felt that the menu should be limted to the nost comonly used
messages and that other clearances should be uplinked with the
by-pass function. To accommpdate both preferences, the nmenu by-
pass feature will be retained along with the nenu sel ecti ons.

Suggested changes to the tested service which were agreed upon
in the group discussion included the addition of single nenu
itenms which conbine a speed, heading, and altitude clearance in
order to reduce the nunber of keystrokes needed to uplink
multiple messages. It was al so agreed that the by-pass feature be
nodi fied to permt transm ssion of conbined cl earances.

The problem of selecting nmessages from potentially |engthy nmenus
was treated in detail during the debriefing. Wile sone subjects
saw the by-pass as a partial solution to this problem severa
suggestions were recorded for inproving the controller's ability
to make rapid and accurate nenu sel ections. These included a



nodi fication to permt spatial separation of the nenu text and
termnal information lists on the radar display, limtation of
the nmenu to ten itens in order to elimnate the space bar
keystroke between multiple nmenu sel ections, and the assi gnnent of
menu item nunber designators to clearances in a manner which
woul d pronote the ability to nenorize needed itens (e.g., using
itemnunber 5 for an altitude cl earance of 5,000 feet).

It was determ ned that the ARTS inplenentation would be nodified
to permt separation of the |ists. However, the controllers
chose not to limt nmenu length until operational requirenents are
better understood. Since the existing design provides controllers
with a limted ability to assign clearances to different item
designators, the option to exam ne the use of mmenoni c techni ques
in menu designs will be exercised in a future study. Regardl ess
of the solutions which are adopted, continued research attention
will be given to the issue of optimzing menu accessibility.

3.2 PRQIECTI VE EVALUATI ONS

3.2.1 Controller Wrkl oad.

In the present study, the PROSWAT scaling and rating technique
was used to obtain conparative estimates of the operational
i npact of the tested Data Link services on controller workload in
the termnal environment. The PROSWAT scale devel opnent task
performed prior to data collection yielded card orderings for
each subject that were subjected to the conmputerized SWAT scaling
routines. A Kendall's Coefficient of Concordance conputed on the
card sorts produced an index of association anong the subjects

card orderings of .77. Wiile this level of agreenment would be
acceptable for the developnent of a group scale, a prototype
anal ysis was perforned in order to determ ne whether meaningfully
honogeneous subgroups could be identified. This analysis
indicated that the sorts of six of the subjects were nopst
consistent wwth a concept of workload in which tinme factors weigh
nost inportantly, while the remaining three sorts were nost
consistent with a nodel in which stress factors nore strongly
drive the workload that they experience. It is of some interest
to note that both of these nodels of workload appeared congruent
with the personal observations of the terminal controllers who
often report that it is the shortage of tinme, overlap anong task
requi renents, and associated stress of the situation which can
make their job of tactically controlling aircraft difficult to
perform

Because of the differences between these two subgroups, separate
PROSWAT scal e solutions were devel oped and used in transformng
the subjects' ordinal ratings on the time effort and stress
scales to single scores on the 0 (low workload) to 100 (high



wor kl oad scale. Table 1 presents the converted scale value
assigned to each possible PROSWAT rating for the subjects in the
two prototype groups.

Following the Test Bed simulation runs on the second day of
testing, the subjects made two workload estimates. The first was
an estimate of termnal controller workload on a typically busy
day at the subject's hone facility using the current voice-of
the sane situation where the available Data Link services were
avail able to service 60 percent of the aircraft handl ed.

The nmedian raw tinme load (T), nental effort (E) and stress (S
ratings produced by the subjects for the voice only system was
T=3, E=2, S=2. Median ratings for the 60 percent Data Link
envi ronment changed to T=2, E=2, S=2, indicating an apparent
reduction in the time demands of the controllers task. Thi s
projected effect also was reflected in the overall workload
scores transformed to reflect the controller's original
wei ghtings of the inportance of the three workload dinensions

As shown in figure 4, the nmean PROSWAT score dropped from 79. 36
in the voice radio estimate to 53.02 in the Data Link projection.
Using these scores as a criterion, six of the nine subjects
predi cted an overall reduction in workload with Data Link, three
subj ects projected no change, and one indicated that workload may
I ncrease.

Statistical analysis of the SWAT scores indicated that the
projected nean difference was statistically significant (t= 2.59,
p = .032). It is noteworthy that although sone earlier studies
had shown either no inmpact or a trend toward |ower workload
estimates with Data Link, the present research yielded the first
evidence for a significant reduction in workl oad.

Subj ect comments regarding their ratings were congruent with the
guantitative results. The six subjects who envisioned |ower
workload with Data Link referenced its inpact on reducing the
time needed to communicate with aircraft, and, in sone cases, the
collateral effects of reduced tinme pressure on the effort and
stress dinensions of workload. Both of the subjects whose
ratings revealed no workload difference expressed uncertainty
regarding the final inpact of the trade off between voice and
keyboard activities. The single subject predicting an increase
indicated that stress and effort my rise because of the
requi renent to search a nmenu for the needed instruction and enter
it. Two other subjects who nentioned the nenu selection and
keying issues in their witten coments had predicted |ower
wor kl oad levels with Data Link, noting that nmenu itens would be
rapidly nenorized in the operational environnent and that
keystrokes woul d becone automatic with practice.



TABLE 1. TRANSFORMED PROSWAT SCALE VALUES FOR THE TI ME
AND STRESS PROTOTYPE SUBGROUPS

86.
94.
100.

45.
76.
100.

SWAT Rating

Combi nati on Ti me Prototype Stress Prototype
T E S Scal e Equi val ent Scal e Equi val ent
1 1 1 0 0
1 1 2 7.7 31.3
1 1 3 13.6 54.6
1 2 1 10. 4 12. 1
1 2 2 18.1 43. 4
1 2 3 24.0 66. 7
1 3 1 19.2 19. 8
1 3 2 26.9 51.1
1 3 3 32.8 74.5
2 1 1 32.7 8.7
2 1 2 40.5 40.0
2 1 3 46. 4 63. 4
2 2 1 43. 2 20.8
2 2 2 50.9 52.1
2 2 3 56. 8 75. 4
2 3 1 52.0 28.6
2 3 2 59.7 59.9
2 3 3 65. 6 83.2
3 1 1 67. 2 25.5
3 1 2 74.9 56. 8
3 1 3 80. 8 80. 2
3 2 1 77.6 37.6
3 2 2 85.3 68. 9
3 2 3 91.2 92.2
3 3 1 2 4
3 3 2 1 6
3 3 3 0 0
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FIGURE 4. PROSWAT PROQIECTED WORKLQAD ESTI MATES



3.2.2 Operational Effectiveness and Control |l er Acceptance.

Upon conpleting the workl oad estimtes, the subjects were asked
to predict operational effectiveness/suitability and controller
accept ance/ preference for each of the initial termnal Data Link
servi ces. Figure 5 presents the mninum maxi num and nedi an
ratings that were obtained for each service. None of the
subjects rated any of the services as "not operationally
suitable" or as "conpletely unacceptable” to the controller users
of the system In addition, as shown in the figure, all four
services received high nedian effectiveness and controller
ratings. Wth the exception of Menu Text, all of the services
were rated by all subjects at or above the center point of the
two scales, indicating a strong and consistently positive opinion

of the designs as tested and nodified during this study. A
single subject rated the Menu Text function bel ow the m dpoi nt of
both scales (1 - mnimally effective/acceptable, but not

preferred). This subject's comments referenced the difficulty in
rapidly locating desired nenu itens discussed earlier in the
results. Two other subjects expressed simlar concerns in their
comments about this service and enphasized that additional
testing nust ensure that Data Link maintains its value as an aid
to the controller and not becone a source of distraction. The
broad range of ratings and comments regardi ng Menu Text i ndicated
that if the message selection tasks can be sinplified, this
service wll be extrenely valuable and highly acceptable to its
users.

Primary comments supporting high ratings of both controller
preference and operational effectiveness for the transfer of
communi cation, termnal information and initial contact services
cited the tinme saved and reduction in frequency congestion
produced by converting these repetitive and/or | engt hy
communi cations to Data Link. Reasons cited for |ess than optinmm
ratings included the need for further testing of the services to
insure their broad applicability.

3.3 FI NAL DEBRI EFI NG

The structured discussion session which followed the second day
of sinmulation testing was focused on the subject's overal
predi ctions about the inpact of inplenenting Data Link in the
term nal ATC environnent, operational Data Link issues, and needs
for future Data Link Test Bed Research to refine and evaluate
term nal services.

3.3.1 Data Link I|Inpact.




The subjects noted that inplenmenting Data Link within the current
ATC system would produce at |east three positive effects. I n
agreenent with their enphasis on the problens of tine limtations
in termnal airspace expressed earlier in the study and in their
coments regarding workload, the test subjects felt that Data
Li nk woul d provide themwi th nore available tine on the radio
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FI GURE 5. OPERATI ONAL EFFECTI VENESS AND CONTROLLER PREFERENCES
FOR THE | NI TIAL CONTACT (1C), TERM NAL | NFORMATI ON
(TI), TRANSFER OF COMMUNI CATI ON (TOC), AND MENU TEXT
(MI) SERVI CES



frequencies to conmmunicate inportant information to pilots.
Beyond this direct effect of reduced frequency congestion, it
also was noted that tinme pressures would be reduced by the
ability to send lengthy clearances and advisories with a single
manual action. Finally, Data Link's digital conmmuni cati on
characteristics and persistent visual displays were predicted to
have a positive inpact on the accuracy of ai r-ground
conmmuni cati ons.

3.3.2 Data Link Delays and Voi ce Usage.

As a part of the debriefing, the subjects were asked to reflect
on their Test Bed sinulation experiences in order to discuss how
voi ce and Data Link were used in the m xed equi page tests, and to
obtain their reactions to Data Link transm ssion del ays.

The subjects reported that they used voice procedures with Data
Link equipped aircraft in order to adapt to tine-critical

situations, to resolve transmssion failures in which the margin
of avail abl e communication tinme had beconme too short, and, in one
case, to correct an erroneous uplink. In subsequent discussion

one of the three controllers who had manned the final approach
sector in the sinmulation runs noted that he was unconfortable
using Data Link during this phase of a flight since, in an
operational situation, pilots may be reluctant to utilize a
"heads down" visual display for communications. However, ot her
controllers noted that Data Link may be useful for providing the
final approach clearance. The group consensus that energed from
this discussion was that the optimal wuse of Data Link during
final approach was an issue that would have to be addressed in a
full scale operational evaluation in which actual pilots and high
fidelity flight sinmulators were included.

The subjects reported no specific problems wth Data Link
transm ssion delays in the context of the relatively |ow
conplexity sinulation scenario used in the present study. As in
earlier sinmulations with en route controllers, the termnal
controllers felt that they were able to accompdate del ays by
uplinking nessages in a nore anticipatory fashion and by
swtching to voice when necessary. However, it was agreed that
future Test Bed evaluations would have to be conducted to
determ ne the effect of del ays.

3.3.3 Future Test Requirenents.




Beyond an agreenent that the service design nodifications which
energed from the present study will require a second mni study
evaluation, the controllers also enphasized a need to devel op
nmore conplex sinmulation scenarios for future testing. Specific
features of the testing environment that were noted as
requi renents included: (a) scenarios as long as 90 mnutes to
assess realistic, long term effects on controller perfornmnce,
(b) increased traffic

| oads and tighter spacing requirenents, and (c) the inclusion of
anomalies and errors in the testing protocols to determne
whet her Data Link displays of information such as the initial
contact downlink have sufficient alerting value to the controller
under operational conditions.

4.  CONCLUSI ONS.

The results of the study presented in this report warrant a
nunber of specific and general conclusions regarding the initial
termnal ATC services and requirenents for future research on
this group of Data Link applications.

a. Based on their sinulation experiences in the ARTS IIIA
Data Link Test Bed, the controllers who participated in this
study concluded that Data Link would have strong, positive
effects on termnal operations if inplenmented in the current ATC
system These effects would include a significant reduction in
voi ce radi o frequency congestion, sinplified transfer of |engthy
advi sory nessages and cl ear ances, and a reduction in
communi cation errors.

b. The subjects estimated that termnal Data Link services
woul d reduce controller wor k| oad. Proj ections of average
controller workload in a 60 percent Data Link aircraft equipage
environment were significantly |lower than conparative estimates
of controller workload in the current, exclusively voice radio,
communi cati ons envi ronment.

c. The Initial Contact, Transfer of Communication, Term nal
Information, and Menu Text services, as nodified by controller
inputs during this study, received high controller ratings on the
di rensions of operational effectiveness and acceptability to

field controllers. None of the controllers rated any of the
service designs as operationally unsuitable or conpletely
unacceptable to users. In addition, the nedian ratings for al

services were either the highest or second highest possible
scores on the 7-point operational effectiveness and controller
pref erence scal es.



d. Several nodifications and enhancenents to the Data Link
service designs were agreed upon during the study. I n general
these alterations were suggested by the subjects as necessary for
future evaluation, and not as final design specifications. The

nost inportant of the desired nodifications included the
fol | ow ng:

1. Both a Data Link transaction status list and a
transaction history list should be added to the ARTS IIIA
i npl enentation as potential supplenents to the tested data bl ock
transaction displays. Furthernore, all transaction displays
shoul d be expanded to provide nore detailed, and in sonme cases
nore persistent, information regarding the outcone of each

transacti on.

2. The lack of a consensus on appropriate synbol ogy for
the Data Link equipage and eligibility display will necessitate
the maintenance of a capability to mani pul ate avail abl e design
options in future studies.

3. The Term nal Information service should be nodified
to permt the conbined uplink of any available nessage on the
list with Menu Text selections. In addition, the ability to
reassign any of the nessages in the list to the default status
shoul d be added.

4. The Transfer of Conmunication service should be
nmodified to permt Data Link comrunications during the period
bet ween the acceptance of a sector hand off and the transferring
controller's input to uplink the new radi o frequency.

5. The nenu by-pass feature introduced during the study
shoul d be retained and enhanced by permtting conbi ned cl earances
in asingle uplink. 1In addition, fixed nenu itens were requested
whi ch contain predeterm ned conbi ned speed, headi ng, and altitude
i nstructions.

e. Beyond the desi gn enhancenent reconmendati ons and expert
projections that were derived fromthis study, the results also
reveal ed sone open design issues which may have a | arge inpact on
the performance capabilities of the term nal Data Link
controller. It 1is concluded that the following issues wll
require specific research attention in future design and
oper ati onal eval uation research

1. Menu Usage and Desi gn. The results of the study
indicate that individual differences may exist anong controllers
in their preferred approach to uplinking ATC cl earance nessages.
Some of the test controllers preferred to develop a predefined
menu of messages which would cover all clearances that they
wi shed to issue. QOhers felt that the nmenu should be Iimted to




only the nmessages which were used frequently and repetitively,
and that the by-pass nethod be enployed as needed for conposing
ot her speed, heading, and altitude clearances. |If the option to
permt |engthy nenus is exercised, controller comments recorded
during this study indicate that care nust be wused during
continued design efforts to avoid the potentially excessive
menory and visual search demands which can acconpany the use of
these data entry tools. Possi bl e solutions may include the use
of mmenonic devices for assigning nessages to item designators
and the spatial separation of nenu itens to facilitate the task
of locating a required nessage.

2. I nformation Display. Data Link service design
efforts in both en route and termnal environments have shown
that information regarding the status of Data Link transactions
shoul d be presented in a display |ocation which does not require
diversion of attention fromthe radar targets. This finding |ed
to the use of the data block as a primary Data Link display area.
However, controllers have tenpered this requirenment wth a
warning that the addition of information to the data block can
carry a penalty of increased visual clutter, and present a source
of distraction to the viewer

These apparently opposing requirenents have resulted in
data bl ock displays for Data Link transactions which are limted
to the mninmum information possible, and which tend to present
data only when an exception to the normal sequence of events
occurs. The results of the present study indicated that this
design philosophy may require nodification to 1insure that
sufficient transaction information is available to the controller

(e.g., the display of the cause of a transaction failure).
Because of this, continued research attention will be needed to
provide Data Link displays which provide all necessary

information to support controller decisions while avoiding the
di sruption of other nonitoring functions.

3. Short Term Menory. Effective nonitoring and contro
of an aircraft's progress place a demand on the controller to
remenber the content of prior clearances. While this requirenent
applies equally to voice and Data Link comrunications, the
subjects in the present study often enphasized the need for
di splays which will confirm that a nmessage they had intended to
send had, in fact, been sent and that the pilot had responded
affirmatively. Exanples of desired design features which reflect
this requirenent include the history list and a persistent
di splay of the WLCO response in the data bl ock.

At present, it is not clear whether these aids nmay be needed
because of differential short termmenory for spoken and manual |y
entered nessages, the visual nature of Data Link comrunications



di splays, or lack of long term experience with Data Link inputs.
Since nenory failures in the present voice-only comunications
channel are known to be comon, it is also possible that the
digital nature of Data Link comunications sinply nmakes it
possible to provide a nore generally needed nenory aid to
controllers which is not available in the current system
Regardl ess of the reason, the data collected thus far support the
conclusion that continued attention be given in design eval uation
studies to the requirenent for controller information displays
whi ch can prevent short term nenory | apses.

5. RECOVMENDATI ONS.

The followi ng recommendations for future efforts under the FAA
termnal Data Link program are derived from the findings and
concl usions of the present research:

a. The results of this study indicated that the initial
termnal ATC Data Link services have the potential to reduce
frequency congestion and controller workload and are conpatible
with the existing NAS termnal controller workstation and
conput er. Ther ef or e, It Is recommended that conti nued
devel opment and operational evaluation research be pursued to
i npl enent these services at the earliest possible date.

b. It is also recommended that work be initiated to verify
the technical feasibility of inplenmenting the Data Link services
in the operational ATC system These efforts should include the
enpirical tests on ARTS II1 A capabilities outlined in appendi x A,
as well as anal yses of the inpact on future term nal systens.

C. The service design nodifications and enhancenents
identified during the present study should be inplenented in the
ARTS Il A Test Bed for review and evaluation by the ATDLVT in a
second m ni study.

d. Simul ation scenarios and testing protocols should be
devel oped for operational evaluation purposes. These testing
condi tions should be designed to test the robustness of the Data
Link service designs under high air traffic |oads, m ninmm
aircraft spacing distances, long duration controller work
peri ods, and anonmal ous error conditions.

e. Future research should continue to focus on the human
factors issues which may inpact the effectiveness of termna
Data Link services. These include the control of visual search
demands in the use of nenu functions, insurance of optinmm
information content in transaction status displays, and
m nimzation of short termnenory requirenents.



f. Future design and testing efforts should be devoted to
resolving issues that are comobn between the termnal and en
route Data Link designs. Future testing should include an
integrated termnal and en route test effort to verify coherent
system desi gn between termnal and en route facilities.
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APPENDI X A

ANALYSI S OF DATA LINK I MPACT ON THE ARTS I I 1A



EVALUATI ON | MPACT

The eval uation of a new function such as Term nal Data Link would
not be conplete w thout considering the inpact it would have on
the ARTS |11 A operational system There are three considerations:
avai |l abl e nenory, avail able processing tine, and display refresh.

VEMORY.
The ARTS I11A system can be configured for a single sensor or a
dual sensor system The ARTS |1l A was originally equipped with

128k of core nenory for a single sensor system and 160k of core
menory for a dual sensor system and was later increased to 160k
and 192k, respectively. Mre recently as a result of the Interim
Support Plan (I SP), currently under contract and in progress, the
ARTS 111 A is being upgraded to 256k of sem conductor nenory at
all sites. Busy sites such as Chicago O Hare and Dall as/Fort
Wrth are already operating with the new nenory.

The ARTS II1A system currently operating in the field, A3. 04,

requires 128k of nmenory for a single sensor and 176k for a dua

sensor. This allows 128k for expansion in a single sensor system
an 80 in a dual sensor system The current Data Link services
woul d require no nore than 10k of the nenory that is avail able.

PROCESSI NG TI ME.

ARTS |11 A processing capacity caused a great deal of concern in
recent years. However, as a result of several software changes
to make the software nore efficient and the inplenmentation of the
hi gh speed sem conductor nenory nentioned above, the concern of
processi ng capacity has been put to rest. For exanpl e, Chicago
O Hare, one of the busiest airports in the country was at
capacity prior to the software and nenory i nprovenents. That
system is operating at approximately 65 percent during the
busi est periods of traffic. The Data Link functions currently
under test are predomnately keyboard triggered. Keyboar d
entries have a |ow inpact on processing tine. It is the events
triggered, such as uplink nessages, that nmay cause sonmewhat of an
I npact . However, the inpact is not expected to be nore than 5
percent maximum This is a best estimate. It would be necessary
to run two sinmulations with identical traffic |oads, one wth
Data Link and one wthout, wutilizing the system perfornance
monitor to determne the actual difference in processing tine.

DI SPLAY REFRESH.

The ARTS II1A Display Entry Devices (DEDs) display are 1960's
technol ogy and were not designed to handle the data rates of the
busier facilities in the 1990's. Many of the busier sites have



conpl ained of display flicker. Fortunately, the Interim Support
Pl an contract, nentioned earlier, includes the purchase of 150
A1

Full Digital Arts D splays (FDADs) to be installed at the busier
facilities. As a result, the additional tabular lists of TI and
MI' messages and the occasional third line of the data block wll
not inpact display refresh at sites using FDAD displ ays. I n any
case, should sonme nmediumtraffic facility have a flicker problem
it could be resolved with the purchase of additional FDAD s.

TERM NAL DATA LI NK FACT SHEET

The current services available wth the A3.03 software
nmodi fications are Initial Contact, Termnal Information, Message
Text, and Transfer Control. The following is alist of ARTSIIIA
additional nenory requirenents for the current services:

Program St or age 2354 words total
Keyboar d 758
D splay Qut put 612
Dat a Li nk | nput 263
Dat a Li nk Qut put 495
M sc. Patches 226
Dat a Storage Si ngl e Sensor Dual Sensor
3490 Words 6680 Wbr ds

Data Link Inter-
facility Data 500 700

TI/MI Messages (4 TI,

12 MI), 86 Words Per

Controller

10 Controllers 860 20 Controllers 1720

Central Track Store
5 Additional Wrds
Per Track, 300 Tracks 1500 600 Tracks 3000

D splay Qutput Buffers
63 Wrds Per Controller
10 Controllers 630 20 Controllers 1260

The ARTS I[IIA System currently in the field (A3.04) requires
approxi mately 128k of nenory for a single sensor system and 176k
of menory for a dual sensor system The Interim Support Plan
(I'SP) contract with UNI SYS provides for all ARTS II1A systens to
be upgraded to 256k of high speed sem conductor nenory. Thi s
upgrade will easily allow sufficient space for all the Data Link



functions to be added w thout interfacing wth other
enhancenent s.



APPENDI X B

DESCRI PTI ONS OF THE TESTED DATA LI NK SERVI CES



DESCRI PTI ON

Operational descriptions of each of the Data Link services
evaluated in this study are presented in the follow ng sections
of this appendi x. These descriptions do not reflect enhancenents
and nodifications to the designs which were recomended by the
subj ect controllers during the design review

The phot ographs which follow the descriptions present an overal
view of the ARTS II1 A workstation in the Data Link Test Bed with
Data Link displays shown on the radar screen, a closeup of the
data block with eligibility and equi page synbology on the first
line and transaction information presented on the third line, and
a close up of the Termnal Information Service and Menu Text
lists.

Note in the follow ng service descriptions:

1. The SLEW conmand should be interpreted as the action sequence
of acquiring the target with the trackball and pressing the
trackbal | enter key.

2. The ENTER command should be interpreted as pressing the
keyboard ENTER key.

3. Data, as shown in a display, are presented in quotation
mar ks. The quotation marks are not part of the display.

4. For all services, only one Data Link transaction per aircraft
may be in progress at a tine -- the controller may not uplink a
new nessage until the previous service has been WLCCed or a FAIL
has been cleared fromthe data bl ock display.

I NI TI AL CONTACT (1 Q)

SERVI CE DESCRI PTI ON.

1. Initiation of |IC.

The request for assigned altitude is automatically uplinked to an
aircraft when the pilot downlinks a WLCO nessage to a preceding
transfer of conmmunication.

2. Display on Downlink of Assigned Altitude.

Wen the aircraft downlinks its assigned altitude, the third |ine
of the data block displays the character IC followed by the
altitude value (e.g., 1C 110). The altitude value flashes to
capture the controller's attention and signal a required
response.



Thi s response may be a Termnal Information (Tl) nessage,
initiation of a transfer of comrunication, one or nore Menu Text
B-1
(M) nmessages, or a conbination of a Tl nessage and MI nessages.
Initiation of the uplink imrediately deletes the IC display in

the third Iine of the data bl ock

3. Display on Failure to Downlink Assigned Altitude.

If the aircraft system fails to technically acknow edge the
altitude request or fails to downlink the assigned altitude
within 40 seconds of receiving the uplinked request, the third
line of the data block displays the characters IC FAIL. FAIL
flashes to signal a required controller response.

4. Inputs to Resend Altitude Request.

If a response failure occurs, the controller my resend the
altitude request by a SLEW acti on.

5. Inputs to Cear IC FAIL Display.

The 1C FAIL display may be nmanually deleted by pressing the DL
key (F9), followed by a SLEW acti on.

TERM NAL | NFORVATI ON SERVI CE (TI)

SERVI CE DESCRI PTI ON.

1. Initiation of TI.

A Tl nessage can be sent at any tine through a controller input
action. Wen used imedi ately after receiving an initial contact
message from an aircraft (1C and an altitude value displayed in
third Iine of data block), sinplified SLEWinputs can be used to
send commonl y-used Tl nessages.

2. Tl List D splay.

Tl nessages are selected froma list display containing severa
optional itens. Each nessage (up to 29 characters) is presented
on a single line of the |list preceded by a identifying digit or
the letter D. The nessage identified by D is a commonly-used
default nessage. The remaining itens are nunbered consecutively
begi nning with 1.

3. Inputs to Reposition TI List.



The TI list can be noved to any position on the ARTS display by
pressing the MJILTIFUNCTION key (F7), typing TC and SLEW to
position thP |ist.
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4. Inputs to Suppress/Retrieve Tl List.

The TI list can be renoved fromthe ARTS display by pressing the
DL key (F9), typing T and ENTER Repeating this sequence wll
retrieve the |ist.

5. Inputs to Send TI - Default Message.

When a successful initial contact has been conpleted and the
third line of the data block displays IC followed by an altitude
val ue, the default TI nmessage may be uplinked by a SLEW acti on.

6. Inputs to Send Tl - Non-Default Message.

Non-default nessages can be uplinked by typing T, the nessage
nunber fromthe Tl list (e.g., 3) and SLEW

7. Displays on TI Uplink.

If a Tl nmessage is sent when IC and an altitude value are shown
in the third line of the data block, the entry deletes the third
line and replaces it with TI followed by the nessage nunber
selected fromthe list for uplink

8. Displays After Pilot WLCO

Upon receipt of a downlinked WLCO response from the aircraft,
the TI nessage nunber display in the third line of the data
bl ock i s del et ed.

9. Displays on Fail ed Response.

If the aircraft does not technically acknow edge the uplink or
the pilot fails to respond within 40 seconds after receiving the
Tl nmessage, Tl FAIL appears in the third line of the data bl ock
with the FAIL characters fl ashing.

10. Inputs to Resend TI.

The controller may resend a Tl nessage after a response failure
by a SLEW acti on.



11. Inputs to Cear TI FAIL Display.

The TI FAIL display can be deleted by pressing the DL (F9) key
and SLEW

12. Inputs to Change Default Message.

The default nessage can be changed only by typing a new nessage
on the default nessage |ine.



13. Conbining TI wth MI Message(s).
The default TI nessage can be sent together with one or nore Ml
nmessages by typing T prior to the Menu Text entry (see M
descri ption).

TRANSFER OF COMMUNI CATI ONS ( TOCQ)

SERVI CE DESCRI PTI ON.

1. Initiation of TOC.

The TOC message containing a new radio frequency for an aircraft
is automatically prepared when the receiving controller accepts a
sector hand off.

2. Inputs to Send TOC - Automati c.

The TOC is automatically uplinked upon acceptance of the handoff
if the sending controller presses the HANDOFF key (F5), types the
receiving sector's Controller Synbol, and SLEW Any other
currently acceptable ARTS input sequence normally wused to
initiate a handoff will result in the sane automatic uplink of
TOC (e.g., F5-ACID Controller Synbol- ENTER)

3. Display on Automatic TOC Upli nk.

TC is displayed in the third line of the data bl ock when the TOC
message i s uplinked.

4. Inputs to Send TOC - Manual .

The controller may initiate the sector handoff but reserve
communi cations eligibility until a later tinme by using a manua
procedure. Pressing the HANDOFF key (F5), typing the receiving
sector's Controller Synbol, the letter Hand SLEW initiates the
handof f, but holds the TOC nessage until the controller takes a
SLEW act i on.

5. Display on Manual TOC.

TC His displayed in the third |Iine of the data bl ock when the
manual TOC entry is mnade. Wwen the controllers slews the
aircraft, the His deleted and the nessage is uplinked.

6. Display After Pilot WLCO

In both automatic and manual procedures, the TC display in the

third line of the data block is deleted when the aircraft
downl i nks a WLCO response.



8. Display on Fail ed Response.

If the aircraft fails to technically acknow edge the TOC or if
the pilot fails to WLCO the nessage within 40 seconds of
receipt, TC FAIL appears in the third line of the data block with
the FAIL characters fl ashing.

9. Inputs to Resend TCC.

The controller my resend a failed TOC nessage by a SLEW acti on.
10. Inputs to Cear TOC FAIL Display.

The controller may delete the TC FAIL display by pressing the DL
key (F9) and a SLEW acti on.

11. Inputs to Acquire Data Link Eligibility.
The controller may acquire (steal) eligibility for Data Link
communi cations by pressing the DL key (F9), typing the letters
K and a SLEW acti on.

MENU TEXT (M)
SERVI CE DESCRI PTI ON.
1. Initiation of M.
The MI service permts the controller to uplink one or nore
cl earances contained in a nmenu list by manually selecting the
requi red nessages.
2. M List Display.
Avai |l able MI clearances are displayed in a Ilist containing
several itenms. Each nenu item (up to 29 characters) is displayed
on a single line preceded by an identifying nunber. Messages are
sel ected using the identifying nunbers.
3. Inputs to Reposition M List.
The position of the MI list on the ARTS di splay can be altered by
pressing the MJLTI FUNCTI ON key (F7), typing TC, and conpleting a
SLEW action to nove the |ist.

4. Inputs to Suppress/Retrieve M List.



The Ml list can be renoved from the display by pressing the DL
key (F9) and typing M and ENTER The list is retrieved using the
sanme sequence of key strokes.

B-5
5. Inputs to Send a MI' Message.

A single MI item can be uplinked by typing Mfollowed by the nenu
itemidentifying nunber, and a SLEW acti on.

6. Inputs to Send Multiple MI Messages.

Up to three MI nmenu itens can be sent in a single uplink by
inserting spaces between the item nunbers (e.g., M 2 3 SLEW
woul d send nenu itens 1, 2, and 3).

7. Inputs to Send MI Message(s) Conbined with TI.

The default TI nmessage can be sent in conbination with up to two
MI itens by adding T as the first character of the Ml input.
(e.g., TM 2 SLEW would send the default TI nessage and nenu
itens 1 and 2).

8. Displays on MI Upli nk.

VWhen an MI uplink is initiated, MI appears in the third line of
the data block followed by the identifying nunbers of the
messages sent. T MI followed by the MI nessages sent is displayed
when the default Tl nessage is conbined with MI nessages.

9. Displays After Pilot WLCO

A downlinked WLCO to an MI nessage or group of nessages del etes
the data in the third line of the data bl ock.

10. Displays on Fail ed Response.

If the aircraft fails to technically acknowl edge an MI uplink or
the pilot fails to downlink a WLCO response within 40 seconds of
its receipt, MI FAIL appears in the third line of the data bl ock
with the FAIL characters fl ashing.

11. Inputs to Resend M.

Upon a failed response to a MI uplink, the controller nay resend
the message with a SLEW acti on.



12. Inputs to Clear MI FAIL Display.

The MI FAIL display can be nmanually deleted by pressing the DL
key (F9) and nmaking a SLEW acti on.

13. Modi fying Nuneric Values in Menu Itens.

B-6
The nuneric value of a heading, speed, or altitude clearance can
be changed by pressing the DL key (F9), typing M and the one-
digit identifying nunber of the nenu item to be changed, typing
the new nuneric value (three digits), and pressing the ENTER key.

If a SLEW action is substituted for the keyboard ENTER, the nenu
itemw ||l be changed and uplinked to the slewed aircraft.

14. Bypassing the Menu.

A heading (H), altitude (A), or speed (S) not contained in the
menu can be uplinked by pressing the DL key, typing H A or s
followed by the three digit nuneric value of the clearance and
SLEW The third line of the data block displays M, the
clearance letter, and the three digit nunerical value entered
(e.g., Mr A 110) until the nessage is WLCOed or FAILs.
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APPENDI X C

PRQIECTI VE RATI NGS MATERI ALS



| NTRODUCTI ON TO THE RATI NG SCALES

During the second part of this mni study you will be controlling
air traffic in a dynamc scenario using current voice radio
procedures in one test run and the Data Link services in a second
test run. The purpose of this exercise is to permt you to make
some quantitative judgnents about the Data Link services and
their potential effects on the controller's task.

Because most of you have directly participated in the development
and specification of the terminal Data Link services, i1t will be
extremely 1i1mportant for you to make every effort to be as
impartial as possible iIn making the ratings described below. In
your capacity as subjects for this study, you are representing
many other terminal controllers whose work will be affected by
the iIntroduction of Data Link. Do your best to base your ratings
purely on your professional experience as controllers and on the
exposure that you will be given to the initial Data Link services
in the test bed.

Your judgnents will be nmade using a set of three rating scales
designed to neasure three different factors; (1) the Operational
Effectiveness and Suitability of each service, (2) t he
Acceptability and Controller Preference for each service design,
and (3) the effect of the conbined services on controller
Wor kl oad. Each of these factors is described bel ow

OPERATI ONAL EFFECTI VENESS AND SUI TABI LI TY.

The first scale (figure C 1) asks for a rating of the
effectiveness and suitability of each of the four Data Link
services designs. To evaluate this factor you should assess the
degree to which the service inplenentation that you have worked
with in the Test Bed could effectively acconplish the task it was
designed to do. Thus, you should consider whether the design
provides all of the functions and capabilities that would be
needed to neet operational requirenents in a field setting.

To conplete the scale, first decide whether or not the design is
capable of neeting any of its operational requirenents of the

service. If it is not at all operationally suitable, place an X
in the box. |f the design can neet some, or all, operationa

requi renents, place an X on the line below the nunber that best
describes its effectiveness. Your rating can range from 1

(highly effective) to 7 (neets mnimal requirenents).



CONTROLLER ACCEPTANCE AND PREFERENCE

The second scale (figure GC1) asks for a rating of the
acceptability of a service design to controllers and of how
preferable it is. To evaluate this factor you should consider
the extent to which the displays, inputs, and procedures for the

C1



DATA LINK SERVICE

Use the scales below to rate the terminal service indicated
above. On the first scale, check the box if this service is
unsuitable for operational use. If the service can meet
some, or all operational requirements, check the space
below the number that best describes its effectiveness.

OPERATIONAL EFFECTIVENESS / SUITABILITY

Highly Meets Most Minimally
Effective Operational Effective

l RequIements l

T

Not
Operationally
Suitable

On this scale, regardless of the service's effectiveness,
check the box if the way in which the service is designed
would be completely unacceptable to controllers. If the
service design is acceptable, check the space below the
number that best describes your preference for the design.

CONTROLLER ACCEPTANCE / PREFERENCE

Highly Moderately Acceptable
Preferred Preferred But Not
Preferred

| | |

!

Completely
Unacceptable

Please use the following page to comment on your ratings.
FIGURE C-I. EFFECTI VENESS/ PREFERENCE RATI NG FORM
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service would be usable by field controllers and adaptable to
their styles and nethods of controlling air traffic.

To conplete this scale, first decide whether the design would be
acceptable or unacceptable to controllers. If it is conpletely

unaccept abl e, place an X in the box. If it is acceptable, rate
the design by placing an X on the |ine below the nunber which
best describes your preference. Your rating can range from 1

(highly preferred) to 7 (acceptable, but not preferred).

Not e: When meking your ratings, renenber to nake independent
judgnents of controller preference and operational suitability.
Al t hough these two dinensions may tend to vary together, a
service design could provide all of the functions needed to neet
operational requirenents and still be poorly suited to the
controller's way of doing his job. Li kew se, a design could be
easy to use, but have | oopholes which prevent it from covering
all operational situations.

WORKL QAD.

The final rating that you will be asked to nake is a projection
about the effect that you think the four conbined Data Link
services will have on the workload of the termnal air traffic

controller. To make this projection you will be asked to use your
per sonal experience estimte the average workload of a
controller's job on a typically busy day. Based on your
experience in the Test Bed, you will then be asked to provide
anot her estimate of the workload that would be experienced under
the sanme conditions if the four tested Data Link services were
avai lable to the controller

The scale that you will use to nmake these estimates is known as
Projective Subjective Wrkload Assessnent Techni que (PROSWAT).
PROSWAT was developed as a nethod for collecting quantified
subj ective data on how hard a person feels he would have to work
when wusing different procedures and equipnent to perform his
duti es.

I f you exam ne the PROSWAT rating scale, you will notice that
PROSWAT defines workload in terms of a conbination of three
di fferent dinensions that contribute to the subjective feeling of
"working hard.”" A workload rating in PROSWAT is acconplished by
selecting a 1, 2, or 3 on EACH of the three scales representing
t he di nmensions of TIMe LOAD, MENTAL EFFORT, and PSYCHOLOG CAL
STRESS.

Each of these dinmensions and their |evels are descri bed bel ow
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TI ME LOAD.

Tinme Load refers to the fraction of the total time that you are
busy. Wien Tine Load is low, sufficient tinme is available to
conplete all of your nental work wth sone tine to spare. As
Tinme Load increases, spare time drops out and sone aspects of
performance overlap and interrupt one another. This overlap and
interruption can cone from performng nore than one task or from
di fferent aspects of performng the sanme task. At high | evels of
Tinme Load, sever al aspects  of performance often occur
simul taneously, you are busy, and interruptions are very
frequent.

Tinme Load is rated on the three point scal e bel ow

1. Oten have spare tine. Interruptions or overlap anong
activities occur infrequently or not at all.

2. (Qccasionally have spare tinme. Interruptions or overlap anpbng
activities occur frequently.

3. Al nost never have spare tinme. Interruptions or overlap anong
activities are very frequent, or occur all the tine.

MVENTAL EFFORT LOAD.

As descri bed above, Tine Load refers to the anount of tinme one
has available to perform a task or tasks. In contrast, Mental
Effort Load is an index of the anount of attention or nental
effort required by a task regardl ess of the nunber of tasks to be
performed or any tinme limtations. When Mental Effort Load is
low, the concentration and attention required by a task is
m ni mal and performance is nearly automatic. As the demand for
mental effort increases due to task conplexity or the anpunt of
information which nust be dealt wth in order to perform
adequately, the degree of concentration and attention required
I ncreases. Hi gh Mental Effort Load demands total attention or
concentration due to task conplexity or the anount of information
t hat nust be processed.

Mental Effort Load is rated using the 3-point scal e bel ow

1. Very little <conscious nental effort or concentration
required. Activity is alnost automatic, requiring little or no
attention.

2. Moder ate conscious nental effort or concentration required
Complexity of activity is noderately high due to uncertainty,
unpredictability, or unfamliarity. Consi derable attention
required.



3. Extensive nental effort and concentration are necessary.
Very conplex activity requiring total attention.
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PSYCHOLOG CAL STRESS LQAD.

Psychol ogi cal Stress Load refers to the contribution to total
wor kl oad of any conditions that produce anxiety, frustration, or

confusion while performng a task or tasks. At low levels of
stress, one feels relatively relaxed. As stress increases,
conf usi on, anxi ety, or frustration increase and greater

concentration and determ nation are required to maintain control
of the situation

Psychol ogical Stress Load may be rated on the 3-point scale
bel ow

1. Little confusion, risk, frustration, or anxiety exists and
can be easily accommobdat ed.

2. Moderate stress due to confusion, frustration, or anxiety
noticeably adds to workl oad. Significant conpensation is
requi red to nmai ntain adequat e perfornance.

3. Highto very intense stress due to confusion, frustration, or
anxiety. Hgh to extrene determnation and self-contro
required.

Each of the three dinensions just described contribute to
wor kl oad during performance of a task or group of tasks. Not e
that although all three factors nay be correlated, they need not
be. For exanpl e, one can have many tasks to performin the tine
available (Hgh Tinme Load) but the tasks may require little
concentration (Low Mental Effort Load). Li kew se, one can be
anxious and frustrated (H gh Stress Load) and have plenty of
spare time between relatively sinple tasks. Since the three
di mrensions contributing to workload are not necessarily
correl at ed, pl ease treat each dinension individually and give
i ndependent assessnents of the Tinme Load, Mental Effort Load, and
Psychol ogi cal Stress Load that you estimate for the termnal
controller's job with and w thout Data Link.

The form that you wll be using to nmake your PROSWAT ratings
during the Data Link test session is shown in figure C 2. Not e
that the descriptions for each level of tinme, effort and stress
| oad have been renpved to save space. Should you need to review
these descriptions during testing, a copy of the full scale wll
be available at all tines.



PROSWAT WORKLOAD RATINGS

Based on your operational experience, estimate the average
workload of a terminal controller on a typically busy day in the
current, voice-only system:

CURRENT SYSTEM

TIME LOAD
MENTAL EFFORT

STRESS

Based on your experiences with the four Data Link services in the
Test Bed, estimate the average workload of a terminal  controller on
a typically busy day under the following condition:

DATA LINK SERVICES - 60% EQUIPAGE
1 2 3
TIME LOAD
MENTAL EFFORT

STRESS

Please use the space below to comment on your ratings.

FIGURE C-2. PROSWAT RATI NG FORM



PROSWAT SCALE DEVELOPMENT CARD SORT

Now that you are famliar with the three rating scales that wll
be used during the Data Link Test session, there is one |ast
procedure that nust be conpleted before testing can begin. This

procedure is a card sorting task that will allow us to interpret
your PROSWAT workl oad ratings. W will be asking you to do this
task during the briefing that wll take place to review the

rating scal es.

One of the nost inportant features of PROSWAT is its unique
scoring system The devel opers of PROSWAT recognized that
different people have different conceptions of how the tineg,
effort and stress dinensions conbine to produce an overal
inpression of low and high workload. Because of these
differences, a special card sorting procedure is used in PROSWAT
to define a distinctive workload scale for each person. Thi s
i ndividualized scale greatly inproves our ability to accurately
interpret the actual workload ratings that you wll be making
during the test sessions.

In order to develop your individual scale, we need information
from you regarding the anount of workload that you feel is
produced by various conbinations of the three levels on the tineg,
effort, and stress dinensions. W get this information by having
a person rank order a set of cards. Each card contains a
different conbination of the levels of tinme |oad, nental effort
| oad, and stress load. Since there are three dinensions, and each
di mension has three levels, there are 27 cards in the deck that
you will be sorting. Your job will be to sort the cards so that
they are ranked according to the |evel of workload represented by
each card. Thus, the first card in the deck will represent the
| onest workload and the last card wll represent the highest
wor k| oad.

In conpleting your card sorts, please consider the workload
i nposed on a person by the conbination represented in each card.
Arrange the cards fromthe | owest workload condition through the
hi ghest condition. You may use any strategy you choose in rank

ordering the cards. One strategy that proves useful is to
arrange the cards into a nunber of prelimnary stacks
representing Hi gh, Mderate, and Low workload. |Individual cards

can be exchanged between stacks, if necessary, and then rank
ordered within stacks. Stacks can then be reconbined and checked
to be sure that they represent your ranking of |owest to highest
wor k| oad. However, the choice of strategy is up to you and you
shoul d choose the one that works best for you.

There is no school solution to this problem There is no correct
or der. The correct order is what, 1in your judgnment best



descri bes the progression of workload from |l owest to highest for

a general case rather than any specific event. That | udgnent

differs for each of us. The letters you see on the back of the
C7

cards are to allow us to arrange the cards in a previously

random zed sequence so that everyone gets the sane order. |If you

exam ne your deck you will see the order on the back runs fromA

t hrough Z and then ZZ.

Pl ease renenber:

1. The card sort is being done so that a workload scale may be

devel oped for you. This scale wll have a distinct workload
val ue for each possible conbination of Tinme Load, Mental Effort
Load, and Psychological Stress Load. The followi ng exanple

denonstrates the relationship between the card sort and the
resul ti ng workl oad scal e:

TI ME EFFORT STRESS WORKLOAD SCALE
1 1 1 mmmmeeee-- 0.0
3 3 e 100.0
Note that other than the fact that a 1-1-1 will always represent
the | owest workload and that a 3-3-3 wll always represent the
hi ghest workl oad, the remai ning cards could occur in a nunber of
orders. Your order will depend on how you wei ght the inportance

of Time Effort and Stress di nensi ons.

2. Wen performng the card sorts, use the descriptors printed
on the cards. Please renmenber not to sort the cards based on one
particular task (such as controlling air traffic). Sort the
cards according to your general view of workload and how
i nportant you consider the dinensions of Tine, Mental Effort, and
Psychol ogi cal Stress Load to be.

3. A PROSWAT rating for any situation consists of one nunber
from each of the three dinensions. For exanple, a possible
PROSWAT rating is 1-2- . This represents a 1 for Tine Load, a 2
for Mental Effort Load, and a 2 for Psychol ogical Stress Load.

4. W are not asking for your preference concerning Tinme, Mental
Effort, and Psychol ogi cal Stress Load. Sone people may prefer to
be busy rather than idle in either Tinme Load, Mental Effort Load,
or Psychol ogical Stress Load dinension. W are not concerned
with this preference. W need information on how the three
di mrensions and the three |evels of each one will affect the |evel



of workload as you see it. You may prefer 2-2-2 situation
instead of a 1-1-1 situation. However, you should still realize
that the 1-1-1 situation inposes |ess workload on you and | eaves
a greater reserve capacity. The sorting will probably take 30
m nutes to an hour. Pl ease feel free to ask questions at any
tinme.
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